Aims-Post-transplant lymphoproliferative disease (PTLD) is an important and serious complication in transplant patients. Recent studies have suggested that quantitative assessment of Epstein-Barr virus (EBV) infection in transplant patients might help to identify those at risk of developing PTLD. Therefore, tonsils from paediatric liver transplant recipients were studied for evidence of EBV infection. Methods-Tonsils were studied by in situ hybridisation for the detection of the small EBV encoded nuclear RNAs (EBERs). The phenotype of EBV infected cells was determined by double labelling in situ hybridisation and immunohistochemistry. The expression of viral latent and lytic antigens was determined by immunohistochemistry. Tonsils from patients without known immune defects were studied as controls. (J Clin Pathol: Mol Pathol 2001;54:264-269) 
Epstein-Barr virus (EBV) associated posttransplant lymphoproliferative disease (PTLD)
is an important complication in transplant patients. 1 The risk of developing PTLD is variable depending, among others, on the nature of the transplanted organ and on the level of iatrogenic immunosuppression. 1 In general, patients undergoing primary EBV infection after transplantation and those treated with anti-T cell reagents are particularly at risk. 1 The incidence of PTLD is higher in paediatric patients than in adults. 2 The disease frequently involves Waldeyer's ring. 3 PTLDs are usually of B cell lineage, and include a spectrum of disorders ranging from polyclonal polymorphic lymphoproliferations to monoclonal nonHodgkin's lymphoma. 1 The prognosis of PTLD remains poor and treatment is controversial. 1 Suppression of EBV specific T cell immunity is thought to be the central factor in the pathogenesis of PTLD, allowing the outgrowth of an initially polyclonal B cell population. Through the acquisition of additional genetic alterations, such as c-myc translocations or p53 mutations, this is believed to give rise to fully malignant monoclonal lymphomas. 4 In support of this model, reduction or withdrawal of the immunosuppressive treatment has been reported to result in a spontaneous remission of some cases of PTLD. 5 In addition, successful prevention or treatment of PTLD has been demonstrated by the infusion of EBV specific cytotoxic T cells (CTLs). 6 Alternatively, the application of B cell specific monoclonal antibodies has been used successfully for the treatment of PTLD. 7 Early detection of PTLD or identification of patients at risk of developing PTLD is clearly important because therapeutic approaches aimed at modifying the EBV specific immunity are likely to be more successful in early stages of the disease. It has been suggested that PTLD in paediatric liver transplant recipients may frequently localise to the tonsils and may be diagnosed by tonsillar biopsy. 8 9 It has also been reported that the detection of EBV positive B cells in liver transplant biopsy specimens by in situ hybridisation (ISH) may indicate a risk of PTLD, 10 but this has not been confirmed by others. 11 Recent studies have focused on applying quantitative polymerase chain reaction (PCR) assays to this problem, and have suggested that increased EBV DNA detected in the peripheral blood of transplant patients might be useful for the detection and monitoring of PTLD. [12] [13] [14] [15] [16] [17] [18] However, Babcock et al have shown that the number of EBV infected B cells might be raised in immunosuppressed transplant patients without PTLD. 19 Therefore, we studied tonsillectomy Figure 1 
Materials and methods

TISSUES
Of 115 paediatric orthotopic liver transplant (OLT) recipients who survived for more than two years after OLT, 32 (28%) developed appreciable tonsillar enlargement. Twenty six of these underwent tonsillectomy and 15 were included in our study. All transplants were carried out at the Birmingham Children's Hospital. The patient details are summarised in table 1. All patients underwent tonsillectomy for symptomatic tonsillar enlargement resulting in upper airways obstruction and failure to thrive. Formalin fixed, paraYn wax embedded tonsillectomy specimens were studied. There were 13 girls and two boys (age range at tonsillectomy, 3 to 14 years; mean 6.25; median, 6). Palatine tonsils were available from 14 patients and pharyngeal tonsils from four. From all patients between numbers 1 and 9 tissue blocks were available and all blocks were examined. Reasons for transplantation were extrahepatic biliary atresia (seven cases), intrahepatic biliary atresia (one case), Crigler-Najjar syndrome (one case), viral hepatitis (three cases), hepatoblastoma (one case), and cryptogenic cirrhosis (two cases). Immunosuppressive treatment included cyclosporin, azathioprine, and prednisolone. Prednisolone was withdrawn after three months and azathioprine after 12 months. Cytomegalovirus (CMV) negative recipients of CMV positive grafts received oral acyclovir for three months after transplantation. The time intervals between transplantation and tonsillectomy were from two to six years. Six children were already EBV seropositive before transplantation, and five of these showed evidence of EBV reactivation (defined as a fourfold increase in the IgG antibody titre against the viral capsid antigen of EBV) in the post-transplant period. Of the nine remaining patients, seven seroconverted in the posttransplant period and two remained seronegative. Seroconversion occurred within the first year after transplantation in most cases (range, 4 to 41 months; For control purposes, 15 tonsillectomy specimens from patients without known immune defects were studied (10 males and five females; age range, 1 to 29 years; mean, 12; median, 10). A tonsil from a patient with acute infectious mononucleosis served as positive control for ISH and immunohistochemistry studies.
IN SITU HYBRIDISATION
35
S or digoxigenin labelled, single stranded RNA probes specific for the small EBV encoded RNA molecules, EBER1 and EBER2, were generated by in vitro transcription as described.
11 ISH was carried out as reported previously. 11 After hybridisation and stringent washing, immobilised 35 S labelled probes were detected using autoradiography. Digoxigenin labelled probes were detected using a digoxin specific monoclonal antibody (Sigma, Deisenhofen, Germany) and immunohistochemistry as described below. For the quantitation of EBER expressing cells, sections subjected to ISH with 35 S labelled probes were assessed and the number of labelled cells was counted in a 0.5 cm 2 area, as described previously. 20 Statistical analysis was done using the Mann-Whitney test with the SPSS software.
IMMUNOHISTOCHEMISTRY AND DOUBLE
LABELLING
The monoclonal antibodies PE-2 (specific for the EBV encoded nuclear antigen 2 (EBNA2)), CS1-4 (recognising the EBV encoded latent membrane protein 1 (LMP1)), BZ-1 (directed against the EBV transactivator protein, BZLF1), and JCB117 (specific for the CD79a B cell antigen) were all from Dako, Glostrup, Denmark. Dewaxed and rehydrated paraYn wax embedded sections were subjected to antigen retrieval using microwave irradiation before incubation with the appropriately diluted primary monoclonal antibody. Bound primary antibodies were detected using an alkaline phosphatase labelled avidin-biotin complex method (Dako) and Fast red (Sigma) as chromogen. The phenotype of EBV infected cells was determined using double labelling immunohistochemistry (IH) and ISH as described previously.
POLYMERASE CHAIN REACTION
PCR for the detection of rearrangements of the IgH locus was performed as described previously. 21 ParaYn wax embedded sections were dewaxed and digested in proteinase K, followed by heat inactivation of the enzyme. Tubes were then centrifuged and 3 µl of the supernatant was used as template in PCR reactions. PCR was carried out in the presence of framework 3 and 4 consensus primers. Conditions were 25 cycles of 45 seconds at 94°C, 45 seconds at 55°C, and 110 seconds at 72°C. Subsequently, a semi-nested PCR was performed using 1 µl of the first PCR as template with an internal framework 4 consensus primer. Conditions were 20 cycles of 45 seconds at 94°C, 45 seconds at 55°C, and 110 seconds at 72°C. PCR products were analysed on a 10% polyacrylamide gel.
Results
Histological examination revealed pronounced follicular hyperplasia in all tonsils from transplant patients. In addition, there was a variable but usually minor degree of paracortical activation with extrafollicular blast proliferation. Thus, the changes observed in the tonsils from paediatric liver transplant recipients were very similar to those seen in hyperplastic tonsils from non-immunocompromised individuals. Changes suggestive of PTLD were not present in any of our cases and none of these patients developed clinically manifest PTLD during the four to five years of follow up after tonsillectomy. All control tonsils from nonimmunocompromised patients showed pronounced follicular hyperplasia.
Using ISH, variable numbers of EBER expressing cells were detected in tonsils from 12 of 15 paediatric liver transplant patients, from the single adult liver transplant patient, and from nine of 15 non-immunocompromised control cases (fig 1A,B; table 1 ). The EBV + cells were mostly located in the extrafollicular areas ( fig 1A,B) , with occasional scattered cells found within secondary follicles, as described previously. 20 The EBV + cells were mainly small lymphocytes but some larger blast cells were also seen ( fig 1C) . Double labelling ISH and IH identified most of the EBV + cells as CD79a positive B cells ( fig 1D) . In one tonsil from a transplant patient and in two tonsils from the control group, isolated germinal centres with a diVuse expansion of EBV + cells were noticed, similar to our previous observations on hyperplastic lymph nodes. 20 The 1E,G) were detected in a tonsil from a patient with infectious mononucleosis, as described previously. 22 There were also isolated cells positive for the BZLF1 transactivator protein of EBV (not shown), suggesting entry into the lytic viral cycle. By contrast, only very rare EBNA2 + cells were detected in two tonsils from the liver transplant patients (fig 1F) . No cells expressing LMP1 (fig 1H) or BZLF1 (not shown) were detected in these cases.
Eleven tonsils from liver transplant recipients containing EBV + cells and one EBV − tonsil, in addition to 14 control tonsils, were subjected to PCR analysis of the IgH locus (fig 2) . 13, 8, 6, 3, 7, 10, 5, 9, 1, 2, 12, respectively ( This revealed a polyclonal pattern in eight tonsils from transplant patients, with the four remaining tonsils showing an oligoclonal pattern with several distinct bands (fig 2) . An oligoclonal rearrangement was detected in four tonsils with 24, 640, 650, and 1000 EBV + cells/ 0.5 cm 2 , respectively, including the adult transplant recipient. Thirteen of 14 control tonsils yielded a polyclonal and one an oligoclonal pattern (not shown).
Discussion
We report the results of a study of tonsillectomy specimens from one adult and 15 paediatric liver transplant recipients. All tonsils showed reactive lymphoid hyperplasia but no histopathological evidence of PTLD. This diagnosis was also supported by the absence of clonal IgH gene rearrangements as detected by PCR. In comparison with non-immunosuppressed controls, increased numbers of EBV + B cells were detectable in hyperplastic tonsils from paediatric liver transplant patients. However, this diVerence was not significant, probably because of the small size of the series. In the transplant patients who had already been EBV seropositive before transplantation, the numbers of EBV + cells were similar to those observed in the immunocompetent controls. In contrast, higher numbers of EBV + cells were detected in patients who experienced seroconversion after transplantation. Again, this finding was not significant probably because of the small number of cases, the large standard deviation, and the fact that two patients remained EBV seronegative after transplantation. The tendency for higher numbers of EBV + cells seen in the transplant patients who were EBV seronegative before transplantation is in agreement with the known increased risk of such individuals to develop PTLD. 23 Nevertheless, there was a striking heterogeneity even in this group, with three patients showing low numbers of EBV + cells within the range of the immunocompetent controls. Moreover, none of our patients developed PTLD within a follow up period of up to five years, suggesting that the number of EBV positive cells detectable in tonsils is not an indicator of PTLD risk. The quantitation of EBV infected cells in the peripheral blood by in situ hybridisation has been proposed as a suitable way of identifying patients at risk of developing PTLD. 24 25 However, in agreement with our observations, Babcock et al have reported increased numbers of EBV + B cells in the peripheral blood of transplant recipients without PTLD. 19 Moreover, we have shown previously that the number of EBV infected cells in allograft biopsies from liver transplant recipients does not correlate with the risk of developing PTLD. 11 26 Thus, there is a growing body of evidence to suggest that the number of EBV positive cells detected in tissue or peripheral blood from transplant patients does not provide a reliable indicator of PTLD risk.
Several other groups have recently used quantitative techniques for the study of EBV infection in transplant patients. Quantitative PCR (qPCR) for the detection of EBV DNA in the peripheral blood can be used to monitor disease progress in patients with established PTLD. 13 15 17 18 Although regression of PTLD is accompanied by a reduction of viral load, a later rebound of EBV DNA load has been observed, which did not indicate PTLD recurrence. 17 Using qPCR, Lucas et al have reported that five of seven patients with raised EBV values developed PTLD and two patients with PTLD had normal EBV values. 14 These results suggest that qPCR alone is not suYcient to detect patients at risk of developing PTLD. However, these authors used the B95.8 cell line as a standard for the qPCR assay. A proportion of B95.8 cells spontaneously enters into virus replication making a quantitative assessment of these results diYcult. 27 To our knowledge, at present there is no study showing that EBV qPCR is useful for the detection of an increased PTLD risk in advance of the development of the disease.
Some of the transplant patients had extremely high numbers of EBV + tonsillar B cells, occasionally reaching the figures otherwise only seen in infectious mononucleosis tonsils. 20 Nevertheless, unlike in infectious mononucleosis, these cells did not show detectable expression of LMP1 and there were only exceptional cells expressing EBNA2. Thus, the EBV latency III pattern (EBNA2 + , LMP1 + ) characteristically seen in virus driven lymphoproliferations was not detectable in these tonsils. 28 This is further evidence to suggest that the increased numbers of EBV + B cells in our cases is not related to the development of PTLD, which typically shows a type III latency. 28 The lack of detectable expression of those latent viral proteins (EBNA2, LMP1) that drive EBV associated B cell proliferation (for example, in lymphoblastoid cell lines and in infectious mononucleosis) raises questions as to the mechanism accounting for the increased numbers of EBV + cells in these patients. Long term studies of healthy virus carriers have shown that the virus load in the peripheral blood is variable between individuals but remains remarkably constant in each individual, suggesting that variable steady state levels are established after primary infection. 29 Thus, the increased numbers of EBV + cells in patients undergoing seroconversion after transplantation may indicate that these patients establish a steady state level diVerent from immunocompetent individuals, but does not necessarily imply a failure of immunological control of EBV infection. This notion is supported by the absence of PTLD in these patients and by the lack of a type III latency, the presence of which in vivo usually suggests an impairment of EBV specific immunity. 28 In summary, our data indicate that tonsillar enlargement in paediatric liver transplant recipients does not necessarily imply a diagnosis of PTLD, and that the presence of raised numbers of EBV infected cells in tonsils from liver transplant patients by itself is not a reliable indicator of an increased PTLD risk. Further studies are required to determine whether a switch from the restricted form of EBV latency (EBNA2 − , LMP1 − ) detected in healthy virus carriers towards a latency III pattern (EBNA2 + , LMP1 + ) would provide a more appropriate marker for identifying patients at risk of developing PTLD.
